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FIRE EXTINGUISHING METHODS AND BLENDS 

This application is a continuation-in-part of 
5 applicants » co-pending United States patent application. 
Serial No. 396,841, filed August 21, 1989. 

BACKGROUND OF THE INVBWTTQW 
Field of the Inven^-inp, 

This invention relates to fire extinguishing 

10 methods and blends utilizing higher fluorinated Cg and C, 
saturated hydrofluorocarbons. 

Deacaription of th^ Prior Art. 

The use of certain bromine, chlorine and 
iodine-containing halogenated Chemical agents for the 

15 extinguishment of fires is common. These agents sure in 
general thought to be effective due to their interference 
with the normal chain reactions responsible for flame 
propagation. The most widely accepted mechanirai for 
f ^ame suppression is the radical trap mechanism proposed 

20 by Pryburg in Review of Literature, Pertinent to Fire 

Extinguishing Agents and to Bagi c Mechanisms Involved in 
Their ActiQTi, NACA-TN 2102 (1950) . The finding that the 
effectiveness of the halogens are on a molar basis in the 
order Cl<Br<I supports the radical trap mecdianism, as 

25 reported by Malcom in Vaporizing Fire Rytinguish; i^q 
Agents, Report 117, Dept. of Army Engineering Research 
and Development Laboratories, Fort Be voir, VA, 1950 
(Project- 8-76-04-003) . It is thus generally accepted 
that compounds containing the halogens CI, Br and I act 

30 by interfering with free radical or ionic species in the 
flame and that the effectiveness of these halogens is in 
the order I>Br>Cl. 

In contrast, hydrofluorocarbons (i.e., 
compounds containing only C, H and P atoms) have not 

35 heretofore been recognized to display any chemical acti n 
in the suppression of combustion. Thus, it is generally 
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thought; that to be effective as a fire extinguishing 
agent, a compound must contain CI, Br or I. 

The use of iodine-containing compounds as fire 
extinguishing agents has been avoided primarily due to 
5 the expense of their manufacture or due to toxicity 
considerations. The three fire extinguishing agents 
presently in common use are all bromine-containing 
compounds, Halon 1301 (CFjBr) , Halon 1211 (CF2BrCl) and 
Halon 2402 (CF2BrCF2Br) • The effectiveness of these 

10 three volatile bromine-containing coiqpounds in 

extinguishing fires has been described in U.S. Patent 
4,014,799 to Owens. Although not employed commercially, 
certain chlorine-containing compounds are also knovm to 
be effective extinguishing agents, for example Halon 251 

15 (CF3CF2CI) as described by Larsen in U.S. Patent 
3,844,354. 

Although the above named broioine-containing 
Halons are effective fire fighting agents, those agents 
containing bromine or dhlorine ar& asserted by some to be 

20 capable of the destruction of the earth's protective 
ozone layer. Also, because the agents contain no 
hydrogen atoms ^rtiich would permit their destiruction in 
the troposphere, the agents may also contribute to the 
greenhouse warming effect. 

25 It is therefore an object of this invention to 

provide a method for extinguishing fires that 
extinguishes fires as rapidly and effectively as the 
technicpies employing presently used Halon agents while 
avoiding the above-named drawbacks. 

30 It is a further object of this invention to 

provide an agent for the use in a method of the character 
described that is efficient, economical to manufacture, 
smd environmentally safe with regard to ozone depletion 
and greenhouse warming effects. 

35 It is a still further object f this Inv nti n 

to provid blends of hydrof luoroccurbons and other fire 
extinguishing agents that are effective and 
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envir nmentally safe. 
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SUMMARY OF THE INVENTION 
The foregoing and other objects, advantages emd . 
featxires of the present invention may be achieved by 
employing saturated, higher fluorinated 
5 hydrof luoroc2urbons and blends thereof with other agents 
as fire extinguishants for use in fire extinguishing 
methods and apparatus. More particularly, the method of 
this invention involves introducing to a fire a saturated 
C2 or C3 higher fluorinated hydrof luorocarbon in a fire 

10 extinguishing concentration and maintaining such 

concentration until the fire is extinguished. Saturated 
higher fluorinated hydrof luorocarbons of this invention 
include compounds of the formula C^^HyF^, where x is 2 or 
3 ; y is 1 or 2 ; and z is 5 , 6 or 7 ; where y is 1 and z is 

15 5 when x is 2 cmd where z is 6 or 7 when x is 3. 

Specific hydrof luorceorbons useful in accordance with this 
invention include heptaf luoropropeme (CF3CHFCF3) , — 
1,1,1,3,3, 3-hexaf luoropropane (CFjCHgCFj) , 
1 p 1 . 1 , 2 p 3 ^ J^;:h exaf l uoropropane (CFjCHFCHFg) and 

2p pentaf luoroethan^^^^tP^sCHFj) • These hydrof luorocarbons 

y^ mxy be used ^enCroie, in admixture with each other or as 
/ blends with other fire extinguishing agents. Generally, 
^ the agents of this invention are employed at 

concentrations lying in the range of about 3 to 15%, 

25 preferably 5 to 10%, on a v/v basis. 
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DESCRIPTION OF Tfl ^ PREPERWRp EMBQDTMBWq 'f; 

In accordance with the pres nt invention, 
saturated higher f luorinated Cg and C, hydrof luorocarbons 
have been found to be effective fire extinguishants at 
5 concentrations safe for use. However, because such 
hydrofluorocarbons contain no bromine or chlorine, they 
have an ozone depletion potential of zero. Furthermore, 
since the compounds contain hydrogen atoms, they are 
susceptible to breakdown in the lower atmosphere and 

10 hence do not pose a threat as greenhouse warming gasses. 
Specific hydrofluorocarbons useful in 
accordance with this invention are confounds of the 
formula C^,, where x is 2 or 3; y is l or 2; and z is 
5, 6 or 7j where y is 1 and z is 5 when x is 2; and where 

15 z is 6 or 7 when x is 3. Specific hydrof luorcarbons 
useful in accordance with this invention include 
heptafluoropropane (CP3CHPCP3), 1,1,1,3,3,3-hexafluoro- 
propane (CFjCaijCFj) , 1,1,1,2,3,3-hexafluoropropane 
(CF3CHFCHF2) , and pentaf luoroethane (CFjCHPj) . 

20 These compounds may be used alone or in 

admixture with each other or in blends with other fire 
extinguishing agents. Among the other agents with which 
the hydrofluorocarbons of this invention may be blended 
are chlorine and/or bromine containing compounds such as 

25 Halon 1301 (CFjBr) , Halon 1211 (CFjBrCl) , Halon 2402 

(CPjBrCPjBr) , Halon 251 (CFjCFjCl) and CPjCHFBr. Mixtures 
of heptafluoropropane and Halon 1201 (CFjHBr) are 
especially preferred because the con5)ounds have similar 
vapor pressures over a wide range of temperatures and 

30 therefore the composition of the mixture remains 
relatively constant during discharge or other 
application. 

Where the hydrofluorocarbons of this invention 
are employed in blends, they are desirably present at a 
35 level of at least about 10 percent by weight of th 

blend. Th hydrofluorocarbons are preferably employed at 
higher levels in sucsh blends so as to minimize the 
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adverse environmental effects of cdilorine and bromine 
containing agents. 

The hydrof luoroceorbon compotmds used in 
accordcince with this invention are non--toxic and are 
5 economical to mcomfactiire. For example, 
heptaf luoropropane may be conveniently produced via the 
reaction of commercially available hexaf luoropropene 
(CF3CF»CF2) with axihydrous HF as described in U.K. Patent 
902,590. Similarly, 1,1, 1,3, 3, 3-hexaf luoropropane may be 
10 synthesized by reacting cmhydrous HF with 
pentaf luoropropene (CF3CH=CF2) . 

1,1, 1,2, 3, 3-hexaf luoropropane may be obtained by 
hydrogenation of hexaf luoropropene (CF3CF=Cp2) • 
Pentaf luoroethame may be obtained by the addition of 

15 hydrofluoric acid to tetraf luoroethylene (CF2=CF2) . 

The saturated highly fluorinated C2 amd Cj 
hydrofluorocarbons of this invention may be effectively 
employed at substantially €Uiy minimum concentrations at 
which fire may be extinguished, the exact minimum level 

20 being dependent on the particuleu: combustible material, 
the particuleu: hydrof luorocarbon and the combustion 
conditions. In general, however, best results are 
achieved where the hydrof luoroceurbons or mixtures and 
blends thereof are employed at a level of at least about 

25 3% (v/v) . Where hydrof luoroccorbons alone are employed, 
best results eire achieved with agent levels of at least 
cJDOut 5% (v/v) . Likewise, the maxim\m amount to be 
employed will be governed by matters of economics and 
potential toxicity to living things. About 15% (v/v) 

30 provides a convenient maximtim concentration for use of 
hydrofluorocarbons and mixtures and blends thereof in 
occupied areas. Concentrations above 15 % (v/v) may be 
employed in unoccupied areas, with the exact level being 
determined by the the particuleur combustible material, 

35 the hydrof luorocarbon (or mixture or blend thereof) 
chos n and the c nditions of combustion. The preferred 
concentration of th hydrof luorocarbon agents, mixtures 
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and blends in accordance with this invention lies in the 
range of about 5 to io% (v/v) . 

Hydrofluorocarbons may be applied using 
conventional application techniques and methods used for 
5 Halons such as Halon 1301 and Halon 1211. Thus, these 
agents may be used in a total flooding fire extinguishing 
system in which the agent is introduced to an enclosed 
region (e.g., a room or other enclosure) surrounding a 
fire at a concentration sufficient to extinguish the 

10 fire. In accordance with a total flooding system 

apparatus, equipment or even rooms or enclosures may be 
provided with a source of agent and appropriate piping, 
valves, and controls so as automatically and/ or manually 
to be introduced at appropriate concentrations in the 

15 event that fire should break out. Thus, as is known to 
those skilled in the art, the fire extinguishant may be 
pressurized with nitrogen or other inert gas at up to 
about 600 psig at ambient conditions. 

Alternatively, the hydrofluorocarbon agents may 

20 be applied to a fire through the use of conventional 
portable fire extinguishing equipment, it is usual to 
increase the pressure in portable fire extinguishers with 
nitrogen or other inert gasses in order to insure that 
the agent is conrpletely expelled from the the 

25 extinguisher. Hydrof li arocarbon containing systems 
accordance with this indention may be conveniently 
pressurized at any desirable pressure up to about 600 
psig at ambient conditions. 

Practice of the mresent invention is 

30 illustrated by the following Examples, Which are 
presented for purposes of illustration but not of 
limitation. 

EXAMPLE 1 

A 28.3 cubic litre test enclosure was 
35 constructed for static flame extinguishment tests (total 
flooding) . The enclosure was equipped with a Plexiglas 
viewport and an inlet at the top for the agent to be 
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tested and an inlet near the bottom to admit air. To 
test the agent, a 90 x 50 mm glass dish was placed in th 
center of the enclosure and filled with 10 grams of 
cigarette lighter fluid available under the trademcork 
5R0NS0N0L. The fuel was ignited and allowed a 15 second 
prebum before introduction of the agent* During the 
prebum, air was admitted to the enclosure through the 
lower inlet. After 15 seconds, the air inlet was closed 
and the fire extinguishing agent was admitted to the 

10 enclosure. A predetermined amount of agent was delivered 
sufficient to provide 6.6% v/v concentration of the 
agent. The extinguishment time was measured as the time 
between admitting the agent stnd extinguishment of the 
fleaae. Average extinguishment times for a 6.6% v/v 

15 concentration of heptaf luoropropane, Halon 1301, Halon 
1211 and CFjCHFBr are given in Table 1. 

The experimental procedure of BxaiQ>le 1 was 
ceunried out employing heptane as the fuel. The average 
20 extinguishment times for 6.6% v/v of the same agents are 
also given in Table 1. 

Table 1 

Extinguishment Time (seconds) for 6.6 % v/v Agent 
25 Agent Lighter fluid n-Heptane 

CF3CHFCF3 1.6 1.6 

CFjBr 0.8 1.4 
(Halon 1301} 

30 CFjBrCl 1.3 1.7 
(Halon 1211) 

CFjCHFBr 1.0 1.7 

The Table shows th extinguishment time 
35 required for vari us fuels at 6.6% v/v of the agents 
empl yed. At this 1 vel, heptaf luoropropane is as 
effective as bromine-containing Halons in extinguishing 
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an n-heptan flame and neaurly effective as the other 
agents In esctlngulshlng lighter fluid flames. 

Levels of about 5-10% are preferred for general 
application of pure hydrof luorocarbons in accordance with 
5 this invention. The use of too little agent results in 
failure to extinguish the fire and can result in 
excessive smoke and probably release of HP due to 
combustion of the agent. The use of excessive amounts is 
wasteful and can lead to dilution of the oxygen level of 
10 the air to levels harmful to living things. 

EXAMPLE 3 

Example 1 was repeated with two white mice 
admitted to the chamber. After extinguishment, mice were 
esqposed to combustion products for a total of 10 minutes 
15 before being removed from the chamber. All mice showed 
no ill effects during the es^osure and appeared to behave 
normally after removal from the apparatus. 

EXAMPLE 4 

Dynamic bum test data for heptaf luoropropane 
20 and 1,1, 1,2, 3, 3 -hexaf luoropropane were obtained using the 
cup bximer test procedure in which air and n-butane are 
continuously supplied to a flame produced in a glass cup 
burner. Vapor of the agent to be tested was mixed with 
air and introduced to the flame, with the concentration 
25 of agent being slowly increased until the flow was just 
sufficient to cause extinction of the flame. Data were 
obtained in this manner for heptaf luorc^ropame and 
1,1, 1,2, 3, 3«hexaf luoropropane and, for conqparative 
purposes, for the following other Halon agents: Halon 
30 1301 (CFjBr) ; Halon 1211 (CP^BrCl) ; Halon 251 (CPjCPgCl) ; 
Halon 25 (CF3CF2H) ; and Halon 14 (CF^) . The percent of 
each agent in air (v/v) required to extinguish the flame 
is given in Table 2. 
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TABLE 2 

Extinguishment: o£ n-Butane Diffusion Flames 



Air 
Agent 

% v/v 



Air flow Agent Required Agent In 
cc/min cc/xtin 



Halon 1301 16,200 
10 (CFjBr) 

Halon 1211 16,200 
(CFjBrCl) 

Halon 251 16,200 
(CP3CF2CI) 

15 CF3CHFCF3 16,200 

CF3CHFCHF2 16,200 

Halon 25 16,200 
(CFjCP^) 

20 Halon 14 16,200 



396 

437 

963 

976 

1312 

1409 

2291 



2.4 

2.7 

5.9 

6.0 
8.1 
8.7 

14.1 



EXAMPIg 5 

Heptafluoropropane and Halon 1301, Halon 1211 
25 and Halon 251 were used to extinguish n->heptane diffusion 
flames using the method of Example 4. Test data are 
reported in Table 3 . 
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TABLE 3 

Extinguishment of n-Heptane Diffusion Flames 



5 


Air 
Agenc 

% v/v 


Air flow 
cc/min 


Agent Required 
cc/min 






Halcn 1301 


16,200 


510 


3.1 


10 


(CFjBr) 








Halon 1211 


16,200 


546 


3.4 




(CFgBrCl) 








Halon 251 


16,200 


1,006 


6.2 




(CF3CF2CI) 








15 


CF3CHFCF3 


16,200 


1,033 


6.4 




Halon 25 


16,200 


1,506 


9.3 




(CF3CF2H) 









20 The dynamic test data reported in Tables 2 and 

3 demonstrate that use of heptafluoropropane, 
l,lfl#2,3,3-he3£afluoroprop£me and pentafluoroethane in 
accordance with this invention is significantly more 
effective than other known non-bromine or cshlorine 

25 containing Halons such as Halon 14 (CF^) . Moreover, 
heptaf luoropropane is conq^arable in effectiveness to 
Halon 251, a chlorine containing chlorofluoroceurbon. The 
latter relationship is shown with respect to n-heptane as 
well as n~butcme fuels. While bromine and 

30 chlorine-containing agents such as Halon 1301 and Halon 
1211 are somewhat more effective than the hydrofluoro- 
csorbon agents under the cup burner test, the use of the 
agents in accordance with this invention remains highly 
effective and their use avoids the significant 

35 environmental handicaps encountered with cdilorine and 
bromine containing Halons such as Halon 1301, Halon 1211, 
and Halon 251. 



wo 91/02564 



PCr/US90/044«7 



- 12 - 

EXAMPLE 6 

Static box flame extlnguislment data were 
obtained for 1,1,1,3,3,3-hexafluoropropcme with a 35.2 
litre test enclosure using the procedure of Exeunple 1. 
5 In addition to 1,1,1,3,3,3 *hexaf luoropropane , for 
comparative purposes, Halon 1301, Halpn 1211 and 
Halon 251 were also tested. All agents were delivered at 
a test concentration of 5.5% (v/v) • 

TABLE 4 



10 Extinguishment Time (Seconds) for 5.5% (v/v) Agent 



Agent 


B?c!;inct4op TA»e{p) 


Halon 1301 


1.02 


(CPjBr) 




Halon 1211 


1.76 


(CFjBrCl) 




Halon 251 


2.15 


(CPjCFgCl) 




CF3CB2CF3 


2.98 



The data of T2Q>le 4 demonstrates that 
1,1,1,3,3,3-hexafluoropropane is a highly effective fire 
extinguishaht. It is nearly as effective as Halon 251, a 
chlorofluorocarbon, and it is sufficiently effective, 

25 when compared to bromine containing Halons such as 
Halon 1301 and Halon 1211, that it is preferable by 
reason of the €d3sence of ozone depletion and other 
environmental effects of the chlorine and bromine 
containing Halons. 

30 In addition to being a highly effective agent 

for extinguishing fires, 1.1.1.2.3.3-hexafluoropropane at 
concentrations in accordance with the method of this 
invention is well within the range of toxicological 
safety. 

35 The following Examples demonstrate the 

effective use of hydrof luorocarbon agents in accordcuic 
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with this invention in nixtures or blends including 
bromine-containing Halon fire extinguishants. 

EXAMPLE 7 

Dymunic test data using the cup burner 
5 procedure of Example 4 were obtained for various mixtures 
of heptafluoropropane and Halon 1201 (CF^r). Air and a 
mixture of the agents were continuously supplied to an 
n-heptane diffusion flame produced in a glass cup burner. 
For a given heptafluoropropane flow, the flow of CPgHBr 

10 was slowly increased until the flow was just sufficient 
to cause extinction of the flame. The experiment was 
repeated at various heptafluoropropane flow rates, and 
the results eure reported in Table 6. 

Table 6 reports the actual volume percent in 

15 air as obseinred. Table 6 also reports the calculated 
weight percent heptafluoroprc^ane in the mixture. In 
addition. Table 6 also reports the ozone depletion 
potential ("ODP") for each agent. ODP data for Halon 1201 
was calculated in the following manner. ODP's for pure 

20 compounds were calculated by the following formula: 
ODP = A E P [(#C1)^ + C(#Br)] D^*^~^^ 
In this expression, P is the photolysis factor. P=1.0 if 
there are no- special structural features which make the 
molecule subject to tropospheric photolysis. Otherwise, 

25 P=F, G, or H, as indicated in the table of constants. 



Table 5 


below. 






TABM! 5 




OOHSTRNT 


moiE 


VALUE 


F 


Photolysis factor for geminal Br-C-Cl 


0.180 


30 6 


Photolysis factor for geminal Br-C-Br 


0.015 


H 


Photolysis factor for adjacent BR-C-C-Br 


0.370 


A 


Normalizing constant 


0.446 


B 


Exponent for chlorine term 


0.740 


C 


Multiplier for bromine term 32.000 


35 D 


Constemt for carbon term 


1.120 


E 


Hydrogen factor [=1.0 for no H's] 


.0625 



^CTAJS90/(KI4«7 
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ODP's for the mixtures were obtained by 
multiplying the weight percent of the Halon 1201 by the 
ODP of pure Halon 1201* 

TABLE 6 

5 

Extinguishment of n-Heptane Diffusion Flames 
CF3CHFCP3 / CPgHBr Mixtures 



Flow at 
10 Extinguisbment 

cc/min Volume % in Air 











Total 


Hei^ % 




CPjCHFCFj 


CP^Br 


CPjCHFCPj 


CP^Br 


Vol % 


CFjCBFCFj 


ODP 


0 


1380 


0 


4.0 


4.0 


0 


0.89 


164 


489 


1.0 


3.0 


4.0 


30.1 


0.62 


353 


357 


2.2 


2.2 


4.4 


56.5 


0.39 


533 


216 


3.3 


1.3 


4.6 


76.6 


0.21 


705 


122 


4.3 


0.8 


5.1 


87.4 


0.11 


869 


39 


5.4 


0.2 


5.6 


97.2 


0.02 


1042 


0 


6.4 


0 


6.4 


100.0 


0.00 



These data demonstrate that effective flame 
extinguishment may be obtained with mixtures of 
25 heptaf luoropropeoie and Halon 1201 and that the ODP of 
Halon 1201 can be materially reduced by providing 
heptafluoropropane therewith. 
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EXAMPLES 8-11 
Tables 7^ 8, 9 and 10 report diffusion flame 
eactinguishment data obtained using the method of Example 
7 for the following agent mixtures: 

5 Table 7 - heptafluoropropane and Halon 1211 

(CFgBrCl) 

Table 8 - heptafluoropropane and Halon 1301 
Table 9 - pentaf luoroethane and Halon 1201 

10 (CFgHBr) 

Table 10- 1,1,1,2,3,3-hexafluoropropame and 
Halon 1201 (CF2HBr) 

These Tables also contain ODP data for pure 
Halons 1211 and 1301 as reported by the Lawrence 
ISLivermore Reseeurch Laboratories, OOP's for Halon 1201 
were calculated using the method given above, and ODP's 
for the mixtures were obtained by multiplying the wei^t 
percent of the Halon agent by the ODP of the pure Halon. 

TABLE 7 

20 

Extinguishment of n-Heptane Diffusion Flcunes 
CF3CHFCF3 / CFjBrCl Mixtures 



Flow at 
25 Extinguishment 

cc/min Volume % in Air 







CF3CBFCF3 


GFjBrCl 


CF3CHFCF3 


CFgBcCl 


Total 
Vol % 


Weight % 


ODP 




30 


0 


546 


0 


3.4 


3.4 


0 


2.64 






164 


437 


1.0 


2.7 


3.7 


27.5 


1.91 






262 


378 


1.6 


2.3 


3.9 


41.7 


1.54 






353 


328 


2.2 


2.0 


4.2 


53.1 


1.24 






533 


210 


3.3 


1.3 


4.6 


72.5 


0.73 




35 


705 


109 


4.3 


0.7 


5.0 


86.3 


0.36 






869 


44 


5.4 


0.2 


5.6 


94.9 


0.13 






1042 


0 


6.4 


0 


6.4 


100.0 


0.00 
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TABLE 8 



Extinguishment of n-Heptane Diffusion Flcuaes 
CP3CHFCP3 / CFjBr Mixtures 



Flow at 



BxtingulBbnent 



ce/min 




Volume % 


in Air 








10 CFjCBFCFj 








Total 


Wel^t % 




CFjBr 


CFjCHFCFj 




Vol % 


CFjCHFCFj 


ODP 


0 


510 


0 


3.1 


3.1 


0 


14.28 


164 


422 


1.0 


2.6 


3.6 


30.4 


9.93 


262 


334 


1.6 


2.1 


3.7 


46.4 


7.65 


15 353 


317 


2.2 


1.9 


4.1 


57.1 


6.13 


533 


246 


3.3 


1.5 


4.8 


71.6 


4.06 


705 


98 


4.3 


0.6 


4.9 


89.2 


1.54 


869 


51 


5.4 


0.3 


5.7 


95.4 


0.66 


943 


24 


, 5.8 


0.1 


6.0 


98.5 


0.21 


20 1042 


0 


6.4 


0 


6.4 


100.0 


0.00 
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TABLE 9 



Extinguishment of n-Heptane Diffusion Flames 



CF3CP2H / CFjHBr Mixtures 



Flow at 














Eztinguiahment 












co/aln 




Volume % 


in JUjt 








CFjCFjH 








Total 


Weight % 




CF2HBr 


CFjCFjH 


CPjHBr 


Vol % 




(K>P 


0 


1380 


0 


4.0 


4.0 


0 


0.89 


196 


526 


1.2 


3.2 


4.4 


25.6 


0.66 


314 


470 


1.9 


2.9 


4.8 


37.5 


0.56 


421 


423 


2.6 


2.6 


5.2 


47.7 


0.46 


637 


338 


3.9 


2.1 


6.0 


63.0 


0.33 


1039 


109 


6.4 


0.7 


7.1 


89.4 


0.09 


1509 


0 


9.3 


0 


9.3 


100.0 


o.oa 



20 TABLE 10 



Extinguishment of n-Heptane Diffusion Flames 
CPjCHFCFgH / CFjHBr Mixtxires 



25 Plow at 

Extinguishment 



30 



cc/rain 




Volume % 


in Air 








CF3CBFCF2B 








Total 


Weight % 




CF^HBr 


CFjCBFCF^H 


CFgHBr 


Vol % 




OOP 


0 


1380 


0 


4.0 


4.0 


0 


0.89 


196 


508 


1.2 


3.1 


4.3 


30.8 


0.62 


421 


423 


2.6 


2.6 


5.2 


53.7 


0.41 


637 


367 


3.9 


2.3 


6.2 


66.3 


0.30 


843 


207 


5.2 


1.3 


6.5 


82.1 


0.16 
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The data of Tables 7 through 10 demonstrate 
that vsurious mixtiir s of hydrof luorocarbons in accordanc 
with this invention with chlorine and/or 
bromine-containing Halons eure effective flame 
5 extinguishment agents and that significant reductions in 
ODP of the chlorine and/or bromine containing materials 
CBji be obtained by admixture thereof with 
hydrof luorocarbons in accordance with this invention. 
Saturated higher fluorinated C2 and hydrof luorocarbons 
10 such as heptaf luoropropane, 
1,1,1,2,3, 3*-hexaf luoropropane , 

1,1, 1,3, 3, 3-*hexaf luoropropane and pentafluoroethane, like 
the presently employed chlorine and bromine-containing 
Halons, are nondestructive agents, and are especially 

15 useful where cleemup of other media poses a problem. 
Some of the applications of the hydrof luorocarbons of 
this invention, are the extinguishing of liquid and 
gaseous fueled fires, the protection of electrical 
equipment, ordinary combustibles such as wood, paper and 

20 textiles, hazardous solids, and the protection of 
computer facilities, data processing equipment and 
control rooms. 
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!• A method for e3rt:inguishing a fire 
comprising the steps of introducing to the fire a fire 
extinguishing concentration of one or more compounds of 
5 the formula C^^, where x is 2 or 3, y is 1 or 2, and z 
is 5, 6 or 7; where y is 1 and z is 5 when x is 2; and 
where z is 6 or 7 when x is 3^ and maintaining the 
concentration of the compound until the fire is 
extinguished . 

10 2. A process, as claimed in claim 1, wherein 

the compound is employed at a level of less than about 
15% (v/v). 

3. A process, as claimed in Claim 1, wherein 
the extinguishing concentration of the compound is from 

15 about 5 to 10% (v/v) . 

4. A process, as claimed in Claim 1, wherein 
the compound is employed in a total flooding system. 

5. A process, as claimed in Claim 1, wherein 
the compound is employed in a portable extinguishing 

20 system. 

6. The use of one or more compounds of the 
formula C^^^, where x is 2 or 3, y is 1 or 2, and z is 
5, 6 or 7; where y is 1 and z is 5 when x is 2; and where 
z is 6 or 7 when x is 3, as a nondestructive fire 

25 extinguishing agent. 

7. A process, as claimed in claim 1, wherein 
the compound is a member selected from the group 
consisting of heptaf luoropropane, 

1,1,1,3,3, 3--hexaf luoropropane, 1,1,1,2,3, 3-hexaf luoro- 
30 propane, pentaf luoroethane, and mixtures thereof. 

8. A process, as claimed in any of claims l 
to 7, wherein the compound is heptaf luoropropane. 

9. A process for extinguishing a fire 
comprising the steps of introducing heptaf luoropropane at 

35 a concentrati n f about 5 to 15 % (v/v) to the fir and 
maintaining the concentration of heptaf luoropropane until 
the fire is extinguished. - 
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10. A method for extinguishing a fire 
comprising the steps of: 

introducing to the fire a fire extinguishing 
concentration of a mixture comprising: 
5 one or more compounds of the formula Cj^HyF^, 

where x is 2 or 3, y is 1 or 2, and z is 5, 6 or 7; where 
y is 1 and z is 5 when x is 2; and where z is 6 or 7 when 
X is 3; and 

one or more chlorine and/or bromine containing 
10 fire extinguishing agent selected from the group 

consisting of CFjBr, CFgBrCl, CP3CF2CI, CF^rCF^r, CF^r 
and CFjCHFBr, 

wherein the compound is present in the mixture 
at a level of at leeist about 10% by weight of the 
15 mixture; and 

maintaining the concentration of the mixture 
until the fire is extinguished. 

11. A method, as claimed in claim 10, wherein 
the fire extinguishing concentration of the mixture is 

20 about 3 to 15% (v/v) . 

12. A fire extinguishing mixture comprising: 
at least about 10%, by weight of the mixture, of one or 
more compounds of the formula Cfi^^, where x is 2 or 3, y 
is 1 or 2, and z is 5, 6 or 7; where y is 1 and z is 5 

25 when x is 2; and where z is 6 or 7 when x is 3; and 
no more thcui about 90%, by weight of the 
mixture, of one or more chlorine and/ or bromine 
containing fire extinguishing agents selected from the 
group consisting of CFjBr, CFgBrCl, CFjCF^Cl, CFgBrCFgBr, 

30 CF^HBr €md CFjCHFBr. 

13. A fire extinguishing mixture, as claimed 
in claim 12, wherein the compound is heptafluoropropeme 
and the member is CF2HBr* 
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